This paper describes methods used and results obtained from a study that measured the accuracy of a routinely collected population-based data set. Data on a random sample of births were extracted from the 2003 Victorian Perinatal Data Collection (VPDC) and compared with information in the original medical record. Accuracy was calculated for 111 items related to diverse aspects of maternity and neonatal health and care. Sensitivity, specifi city, positive predictive value and negative predictive value were calculated for dichotomous items. Seventynine items were accurate in at least 97% of cases, 45 of them in at least 99% of cases, and accuracy was below 90% for fi ve items. Very high specifi cities demonstrate that conditions were rarely reported in error. Lower sensitivities indicate that some events that occurred went unreported on the perinatal form. The excellent results for specifi city indicated that the dataset is appropriate for a conservative analysis of relationships between factors. The lower sensitivities could result in true relationships between factors remaining unidentifi ed. Reasons for discrepancies between the VPDC and the original medical record are described.
Background to validation study

Health expenditure in Australia continues to grow every year (Australian Institute of Health and Welfare [AIHW] 2011).
This includes large sums of National and State Government funding expended in the collection, validation, analysis and dissemination of healthcare data. The magnitude of this funding reflects the wide range of activities to which routinely collected healthcare data are assigned -financial (casemix), service utilisation/planning/evaluation, performance management, research and patient care.
Given the wide range of purposes for which health sector data are used, much effort has been expended at national and state levels to develop systems of standardised collection and reporting. The AIHW manages the National Health Data Dictionaries (NHDD), which outline the standards and formats for routinely collected health, community services and housing metadata items. In compliance with the Australian Health Care Agreement and other legislative requirements, health service agencies collect and report data according to NHDD standards and definitions to the State Departments of Health, which, in turn, forward data to the national health authorities.
In Victoria, there are a number of mandatory data collection and reporting requirements for health service agencies. Implicit within the processes for the widespread collection and use of information for these population-based health data collections is the understanding that the data are of sufficient quality for all of the activities for which they are used. For example, the use of national standards and formats for health data collection represent one aspect of ensuring comparability between agencies and states. To enhance the usefulness of the population-based data collections, it is important that regular audits are undertaken to ensure that information on the quality of the data is publicly available. Various methodologies have been used to validate many of these administrative data sets (Riley & Halliday 1998; Roberts et al. 2009; Vagg et al. 1999 ).This paper describes one validation process undertaken to determine the accuracy of the Victorian Perinatal Data Collection (VPDC).
The Consultative Council on Obstetric and Paediatric Mortality and Morbidity (CCOPMM) is mandated to collect and analyse information on all births in Victoria at 20 or more weeks' gestation (or ≥400g birthweight if gestation is not known). In order for this to occur, the VPDC receives a report from the midwife attending each birth in Victoria, whether it takes place in a public hospital, a private hospital, a birth centre, at home, or in transit. Victoria is the state with the second highest number of births in Australia (63,533 in 2003) . The perinatal dataset is used for a number of purposes, including publication of hospital-specific (Davey et al. 2007 ), statewide (Davey et al. 2008; Riley &Halliday 2008; CCOPMM 2008; Veitch 2009 ) and national (Laws & Sullivan 2009 ) reports. It is also available for data requests and research purposes by outside researchers, clinicians and policy-makers (subject to legislated conditions being met), and by CCOPMM itself. Routinely collected data such as these facilitate cost-effective quantitative research, but this is limited by the nature of the items collected and their accuracy. VPDC staff have assessed the accuracy of the data on a number of occasions (Vagg et al. 1999; Riley & Griffin 1997; Riley &Halliday 1998; Robertson 1986) . A number of new items were added to the form in 1999, and the format of other items changed.
This paper aims to: (a) outline the methodology utilised in this validation and analysis of data accuracy of the VPDC; (b) determine the level of accuracy and completeness of data items in the VPDC using data from the 2003 dataset; and (c) outline factors that may have impacted on the validity of the results.
Methods
The study was approved by the Chair of CCOPMM, and the La Trobe University Faculty of Health Sciences Human Research Ethics Committee.
Data processes
Information on births in 2003 at 20 hospitals was submitted to VPDC via a form generated from the hospital's electronic obstetric data collection system. This represents 23% of hospitals reporting births in 2003, but 56% of births as large hospitals were more likely to use an electronic system. Data were entered onto the electronic system by midwives caring for the women. In some cases they were entered progressively during pregnancy, and in other cases they were completed entirely during the birth admission. In the other 67 hospitals, midwives completed a handwritten form provided by VPDC for the purpose, also during the birth admission.
The data went through a number of steps before they were available for analysis. At each step there was the possibility of error: the attending midwife completed a data form for each birth; forms were reviewed by Health Information Managers (HIMs) at VPDC and relevant maternal or neonatal conditions were assigned ICD-10-AM codes; queries were sent to hospitals regarding any missing or inconsistent data; data were manually double-entered into a database; data were cleaned at the end of the calendar year and transferred to a final SPSS database (using PASW Statisticsfor Windows, Version 18.0 1 ). Completeness of the collection was checked every five years by asking all hospitals to send a listing of all births in the year for checking against the forms submitted during the year.
Included items
The report includes limited socio-demographic data; details of previous pregnancies; maternal medical conditions; complications of pregnancy; management and progress of labour and birth; complications of labour, birth and the postnatal period; neonatal details including morbidity; and details of discharge from hospital. All items with a closed response format (forced choice) were included in the validation study. As there are multiple possible responses to open-ended questions (open choice) such as 'Complications of labour, birth and the postnatal period', a limited number of these conditions were selected based on their clinical importance and/or their incidence, as well as any perceived problems with the items. These items were finalised after consultation with a midwife, a paediatrician, an obstetrician and HIMs at the VPDC. It was considered important to include conditions that spanned the range of incidence and severity, so that it would be possible to approximate the accuracy of other non-included conditions.
Sample size
Previous validations by VPDC have included a 1% (quasirandom) sample of records (Vagg et al. 1999) . Sample size calculations (using Stata 9.0 2 ) show that this size is sufficient to demonstrate (with 80% power and a significance level of .05) an absolute excess discrepancy rate of 1% for data that are expected to be accurate in 99.5% of cases (e.g. sex of the baby, live-born or stillborn, method of birth); an excess discrepancy rate of 2.5% for data that are expected to be accurate in 95% of cases (e.g. birthweight, presentation, induction of labour); 4% for data that are expected to be accurate in 90% of cases; and 5% for data that are expected to be accurate in 75% of cases (e.g. some maternal medical conditions affecting the pregnancy). Some conditions of interest are very rare. A sample of 26,091 would be required to detect a 50% relative underestimate of a condition that 
Sample selection
A stratified random sample of records was selected for evaluation in the following way:
Selection of hospitals. All non-tertiary maternity hospitals at which at least one birth occurred in 2003 were categorised according to the number of births in 2003: fewer than 100; 100-399; 400-999; 1,000 or more. Five of the 33 hospitals with fewer than 100 births; five of the 22 hospitals with 100-399 births; five of the 21 hospitals with 400-999 births and five of the 16 hospitals with 1,000 or more births were randomly selected using a table of random numbers. All three tertiary maternity hospitals were included. This stratified random selection resulted in the inclusion of large and small public and private hospitals from the furthest corners of the state as well as metropolitan and nearby rural hospitals.
Selection of cases within selected hospitals. Cases were randomly selected from within each category of hospitals in proportion to the percentage of all births that occurred in hospitals of that size. For example, 1.6% of births in 2003 occurred in hospitals with fewer than 100 births, so 1.6% (n=10) of the required sample size was randomly selected from all births at the selected hospitals of this size using the SPSS random selection command. This was repeated for the other categories of hospital size with 7.2% (n=45) selected from hospitals with 100-399 births in 2003, 22.9% (n=146) from hospitals with 400-999 births in 2003, 47.7% (n=303) from non-tertiary hospitals with 1,000 or more births in 2003, and 1% of births at the three tertiary maternity hospitals (n=130) and of all home births (n=2). The total number sampled was 636.
Data collection program
An SPSS syntax program was written to identify the conditions of interest from the ICD-10-AM codes recorded in a number of fields on the VPDC database, and to create a new dichotomous variable for each. For example, pre-eclampsia could be recorded as one of three ICD-10-AM codes in one of ten antenatal complications fields, one of eight maternal medical condition fields, the indication for induction of labour field, one of the four indication for operative delivery fields or one of the five complications of labour, birth and the postnatal period fields: 69 possible code/field combinations, which were collapsed into a single yes/no variable. The included cases were then selected from the database, one hospital at a time, and a report that included each of the items for each case was generated. This output was copied into the first of four worksheets of an Excel workbook. The second worksheet contained only the variable names and the hospital identification numbers of the randomly selected women. Data abstracted from the hospital medical records were recorded on this sheet. The third worksheet contained calculated fields that revealed any differences between the data obtained from the VPDC file (first worksheet) and data that were entered from the medical record (second worksheet). The fourth worksheet was a copy of the third, and was used to record the reason for each discrepancy. 
Review of medical records
Letters were sent to the Chief Executive Officer at each selected hospital explaining the validation study, and requesting that the selected maternal and infant records be made available at a mutually convenient time. Two members of VPDC staff visited each hospital, with the exception of five small rural hospitals, to abstract the items from the maternal and infant medical records onto a hard copy of the second spreadsheet. One of the VPDC staff entered the data into the spreadsheet file. The fourth worksheet was then viewed at once to identify any discrepancies between the VPDC output and the medical record abstraction. The project staff reviewed the medical record to identify the source of each error, reached consensus, and recorded the reason on the spreadsheet.
Possible sources of error included: conflicting information in different sections of the medical record; no mention of a data item in the medical record, although it appeared on the VPDC form; no mention of a data item on the VPDC form, although it was mentioned in the medical record; different data in the medical record and the VPDC form, for example spinal anaesthesia in medical record, epidural anaesthesia on form; programming problems in the hospital obstetric database; misinterpretation or miscoding of data on the form; omitting to query data on the form that were missing, unlikely or inconsistent; inaccurate response to such a query; inaccurate data entry; transcription errors or problems with legibility; syntax errors in the transfer of data to the final SPSS file; and syntax errors in the creation of the validation file.
Statistical analysis
Statistical Package for the Social Sciences (SPSS version 18) and Excel (Microsoft Office 2003) were used for analyses. To determine the agreement between the VPDC and the medical record for each item with dichotomous responses, sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV) were calculated (Altman & Bland 1994a , 1994b .The medical record was used as the reference standard. Sensitivity measures the proportion of people who have a condition who were correctly identified as having it (e.g. the proportion of cases of postpartum haemorrhage (PPH) that were reported as such in the VPDC). Specificity measures the proportion of non-cases that are reported as non-cases (e.g. proportion of women who did not have a PPH who are recorded as not having had a PPH). Positive predictive value is the proportion of people reported to have a condition who truly have it (e.g. of those reported to have a PPH, what proportion really had one). Negative predictive value is the proportion of people reported to not have a condition who truly do not have it (e.g. the proportion of women reported as not having had a PPH who truly did not have one). All cases with available medical records were included in these calculations.
Accuracy (perfect match between the two data sources) was calculated for all items excluding cases with inconsistent data in the medical record, medical records that were unavailable, and cases affected by a syntax error in the validation program. Reasons for inaccurate data are reported.
Results
The medical records for all included women were made available to the researchers, but one baby's record could not be located. Sections of some records were not available, in which case the final column of Table 2 will report fewer than 636 cases.
The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of a selection of forced choice and open choice items are presented in Table  1 . Sensitivity of forced choice items ranged from 29% to 97% and the sensitivity of open choice items ranged from 25% to 100%. Intrapartum events generally achieved higher sensitivity, and conditions that occurred after the mother and baby left the birth suite had lower levels of sensitivity. In contrast, specificity was very high -higher than 99.0% in two-thirds of cases, and 96.5% or higher in all cases.
Of the total 111 items validated, 45 were consistent with data abstracted from the medical record for at least 99% of cases; a further 20 variables were consistent in at least 98% of cases; another 14 in at least 97% of cases; another 9 in at least 95% of cases; and another 18 were consistent in at least 90% of cases. There remain five items that were consistent in fewer than 90% of cases. These were precipitate labour, any previous caesarean section, method of neonatal resuscitation, completion date of last pregnancy, and time to establish respirations ( Figure 1 and Table 2 ). There were a number of reasons why data were not consistent between the VPDC-generated results and the medical records:
Data were missing or incorrect on the submitted form. This occurred in both open and forced choice items. For example, precipitate labour occurred and was not mentioned on the perinatal form in 12.3% of cases. A positive group B streptococcus (GBS) swab during pregnancy was not reported in 8.5% of cases. Reported gestation was incorrect in 6.9% of cases, most commonly due to rounding up instead of reporting completed weeks; epidural and caudal anaesthetic for operative birth were commonly reported interchangeably (1.3% of cases). Fewer than 1% of cases had missing or incorrect data reported for 57 of the 112 variables examined.
Missing data in the medical record. In many cases individual items were not recorded in the medical record, so could not be validated. This occurred most commonly for the time taken for a baby to establish respirations (15.5% of Note: *perfect match (1-ANY discordance including missing records); **data on form (& likely correct) but not in record to validate; # Group B Streptococcus.
cases), completion date of the previous pregnancy (11.5% of cases), Indigenous status of the mother (6.8%), date of the last menstrual period (4.7%), outcome of the previous pregnancy (4.2%), the mother's country of birth (3.9%), method of neonatal resuscitation (3.9%), whether a woman had had any previous caesarean sections (3.2%), the number of previous caesarean sections (2.9%), number of induced abortions (2.7%), spontaneous abortions (2.6%), ectopic pregnancies (2.4%), neonatal deaths (1.3%), live births (1.1%) and stillbirths (0.9%) prior to the current pregnancy, marital status (2.0%), foetal presentation (1.6%), use of nitrous oxide and oxygen for intrapartum analgesia (1.5%), degree of perineal laceration (1.2%), indication for induction of labour (1.1%), and gestation (1.0%). All other variables were available in over 99% of cases.
Errors made by VPDC in processing the data. These include miscoding (sometimes based on misinterpretation of ambiguous or incomplete data), data entry error, syntax errors (e.g. a woman who had had no previous births should have a 'not applicable' response to the question that asks whether she has had any previous caesarean section. However, women who had a prior spontaneous or induced abortion were coded as though they had a prior birth and assigned a 'No' response rather than 'not applicable'). The variables most affected by these problems were: any prior caesarean section (10.8% of cases), jaundice requiring treatment (3.2%), indication for operative delivery (2.8%), postcode (2.7%), indication for induction of labour (2.3%), obstructed labour (1.9%), degree of perineal laceration (1.5%), foetal heart rate anomaly during labour (1.5%), and loss of more than 10% of birthweight (1.0%). No more than 1% of included cases were affected by these errors for any of the other 102 variables.
Discussion
The validation study undertaken in this paper has demonstrated the overall high quality of the Victorian Perinatal Data Collection. The accuracy reported in Table 1 is a conservative estimate, in that some of the discrepancies detected resulted from ambiguous or conflicting information found in the medical record, errors on the part of the validation team, and items that were reported only on the perinatal form and not in the medical record. The last of these situations is of interest because in some cases midwives are likely to have asked women the relevant question and recorded their answer on the form but this (correct) information may not have been recorded in the medical record, for example a positive GBS swab during pregnancy in a private patient, or previous induced abortions. Therefore, the use of the medical record as the reference standard may have under-estimated the accuracy of the VPDC. These results reflect no apparent difference between data that are recorded as forced choice items and those that are recorded as open choice. However, it should be noted that some of these results are based upon very small numbers so they must be interpreted with caution.
Where there was less than perfect accuracy in any item, the problem was frequently one of under-reporting, as shown by the sensitivity column in Table 1 . The very high specificity values demonstrate that reporting a condition that was not mentioned in the medical record was rare. In most analyses that use population health datasets such as this, a high specificity protects against finding spurious associations that were based on errors in the data set. A lower sensitivity tends to dilute any real association seen, so these results indicate that this dataset is appropriate for a conservative analysis of associations between variables.
The data collection in Victoria in 2003 differed from that in New South Wales (NSW), the state with the highest number of births in Australia. In NSW, as in Victoria, midwives collected and submitted information about maternal characteristics and details of the progress and management of labour and birth. In contrast to the practice in Victoria, maternal morbidity, obstetric complications, complications of labour and birth, and neonatal morbidity were derived from hospital discharge systems, then linked to the birth record in the Midwives Data Collection. In Victoria, the midwife caring for the woman provided all of the data. Nonetheless, a validation of maternal morbidity in NSW had largely similar findings to the current study, with high specificities, but variable sensitivities .For example, that study found for gestational diabetes mellitus (GDM), a sensitivity of 68.6% compared with 96.9% in the current study; specificity of 100% (compared with 99.5%), PPV 99.7% (compared with 91.2%); NPV 98.5% (compared with 99.8%). In the case of pre-gestational diabetes, sensitivity 100% in NSW compared with 75% in the current study; specificity and PPV 100% in both studies; NPV 100% compared with 99.8%. There were no other conditions in common between the two studies.
A number of other papers have reported similar overall findings; that is, high specificity but variable sensitivity, for different aspects of the NSW perinatal data: hypertensive disorders , postpartum haemorrhage , labour and birth events (Roberts et al. 2009 ), and neonatal mortality and morbidity (Ford et al. 2007) . A systematic review of 43 validation studies also found high specificities, with sensitivity higher in events closer to the birth, and higher for procedures than for diagnoses (Lain et al. 2012) .
In the United States (US), stillbirths are not included in the birth certificate collections. These data are recorded separately on a less comprehensive foetal death certificate. A US validation study of foetal death certificates looked at some of the same items examined in the current study and found: for pre-gestational diabetes, a sensitivity of 100% (compared to 75% in this study), a PPV of 83% (compared to 100%), an NPV of 100% (compared with 99.8%); for GDM a sensitivity of 50% (compared with 97% in this study), PPV 100% (compared with 91%), NPV of 99.4% (compared with 99.4%); for pre-existing maternal hypertension, a sensitivity of 81% (compared with 40% in this study), PPV of 81% (compared with 50%), NPV 97.5% (compared with 99.5%); for placental abruption a sensitivity of 68.8% (compared with 33.3% in the current study), PPV 64.7% (compared with 100%), NPV 96.9% (compared with 99.7%); and for plurality, agreement 97.5% (compared with 100% in our study) (Lydon-Rochelle et al. 2005) The results of the present study are consistent with a validation study of birth certificate data in Washington, which validated birth certificate data with original medical records for women at low risk of complications at the beginning of the pregnancy (Dobie et al. 1998 ). These researchers found that birth certificates significantly underestimated the complications of pregnancies, number of interventions, number of procedures and prenatal visits. They found extremely low sensitivity for some complications; for example, only 4.8% of birth certificates recorded foetal distress compared with 21.1% of medical records. This Victorian study found higher sensitivity for diabetes (75% for pre-gestational diabetes and 96.9% for gestational diabetes, compared with 52% for diabetes overall in the Washington study), but disappointingly low sensitivity for placental abruption (33% compared with 45.9% in Washington).
This study looked at data collected on births in 2003, and the results would be expected to be similar for the years 1999-2008 as there were no changes to the items collected during that period. However, in 1999, midwives who provided intrapartum care to the woman filled out a perinatal form by hand in most hospitals, but by 2008 the majority of reports were generated from electronic systems. The reports were printed and reviewed by a midwife before submission to VPDC. This change may have affected reporting of some conditions in that midwives were not directly asking the woman about each of the items. In some hospitals the midwife who printed and reviewed the report was not the one who cared for the woman and entered the data. Using the 2003 data provides results that would be intermediate between the beginning and end of the period 1999-2008 in case these workplace changes that occurred gradually over the period affected the accuracy of the data submitted. It would be valuable to conduct a validation study of the data collection after substantial changes were introduced in 2009.
Conclusions
Overall, this validation study was rigorously conducted. It demonstrated a sound and comprehensive sampling technique, strategically informed selection of data items chosen to be validated, an innovative data collection program, a well-recognised method of analysis and a comprehensive discussion of possible sources or error. The methods as described could be applied to many situations in which it is desired to validate abstracted or submitted data with that in the medical record (Box 1). The study found that data included in the Victorian Perinatal Data Collection are largely accurate and complete, although there tends to be under-reporting of a number of conditions. Researchers using the data should check the characteristics of the items they need to use when planning a study to ensure that they are suitable for the particular research question.
